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ABSTRACT : 



PROBLEM TO BE SOLVED: To improve the output of an LED. LD by providing the 
structure of a new nitride semiconductor eiement. 

SOLUTION: A first nitride semiconductor layer 5 comprising a p-type impurity is formed on 
an active layer 4, and on the first nitride semiconductor layer 15, a second nitride 
semiconductor layer 6 which comprises less p-type impurities than the p-type impurity 
concentration of the first nitride semiconductor layer 5 is provided. Furthermore, on the 
second nitride semiconductor layer 6, a third nitride semiconductor layer 7 comprising a 
more p-type impurity than the p-type impurity concentration of the first nitride 
semiconductor layer 5 is provided. 
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[Claim(s)] 

[Claim 1] The 1st nitride semiconductor layer which contains p type 
impurity in the barrier-layer upper part is formed, in the 1st nitride 
semiconductor layer upper part It has the 2nd nitride semiconductor layer 
containing p type impurity more nearly Httle than p type high impurity 
concentration of the 1st nitride semiconductor layer. The nitride 
semiconductor device characterized by having the 3rd nitride semiconductor 
layer which contains a lot of p tj^e impurities than p type high impurity 
concentration of the 1st nitride semiconductor layer in the 2nd nitride 
semiconductor layer upper part. 

[Claim 2] The nitride semiconductor device according to daim 1 to which p 
type high impurity concentration of the nitride semiconductor layer of the 
above 1st is characterized by or more 1x1017 being 1x1020 or less. 
[Claim 3] The nitride semiconductor device according to claim 1 or 2 to which 
p tj^e high impurity concentration of the nitride semiconductor layer of the 
above 2nd is characterized by being less than 1x1020. 

[Claim 4] A nitride senaiconductor device given in any 1 term of the claims 1- 
3 to which p type high impurity concentration of the nitride semiconductor 
layer of the above 3rd is characterized by or more 1x1018 being 1x1021 or 
less. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the element which consists 
of a nitride semiconductor (InXAlYGal-X-YN, 0 <=X, 0<=Y, X+Y<=1) used 
for photo detectors, such as light emitting devices, such as light Emitting 
Diode and LD, a solar battery, and a photosensor, etc. 
[0002] 

[Description of the Prior Art] The nitride semiconductor was just put in 
practicad use by these people with the ftdl color Light Emitting Diode display, 
the traf&c Hght, etc. as a material of high brightness blue light Emitting 
Diode and authentic green Light Emitting Diode. Light Emitting Diode used 
for these various devices has terrorism structure to the double by which the 
barrier layer which consists of InGaN of single quantum well structure 
(SQW:Single-Quantum-WeU) was sandwiched between n type nitride 
semiconductor layer and p type nitride semiconductor layer. Wavelength, 
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such as blue and green, is determined by fluctuating In composition ratio of 
an InGaN barrier layer. Blue Light Emitting Diodes Eire the luminescence 
wavelength of 450nm, the half -value width of 20nm, the luminous intensity 
of 2 cds, 5mW of optical outputs, and 9.1% of external quantum efficiencies 
in 20mA. On the other hand, similarly green Light Emitting Diodes are the 
luminescence wavelength of 525nm, the half- value width of 30nm, the 
luminous intensity of 6 cds, 3m W of optical outputs, and 6.3% of external 
quantum efficiencies in 20mA. 

[0003] Moreover, these people announced the 410nm laser oscillation in a 
room temperature for the first time under the pulse current in the world 
recently using this material {Jpn.J.Appl.Phys.35(1996) L74 and 
Jpn.J.Appl.Phys.35(1996) L217 grade}. This laser element has terrorism 
structure to the double which has the bairrier layer of mvdtiplex quantum 
well structure which used InGaN, is the conditions of 2 microseconds of pulse 
width, and 2ms of pulse periods, and shows the oscillation of the threshold 
current of 610mA, and threshold current density 8.7 kA/cm2,410nm. The 
improved laser element was also announced in AppLPhys.Lett.69 (1996) 
1477. This laser element has the structure where the ridgie stripe was formed 
in a part of p type nitride semiconductor layer, is 1 microsecond of pulse 
width, 1ms of pulse periods, and 0.1% of duty ratio, and shows the oscillation 
of the threshold current of 187mA, and threshold current density 3 
kA/cm2,410nm. Furthermore, these people succeeded also in the continuous 
oscillation in a room temperature for the first time, and announced. A this 
{Nikkei electronics December 2, 1996 issue technical news flash [ for 
example, ], Appl.Phys.Lett.69 (1996) 3034, Appl.Phys.Lett.69 (1996) 4056, 
etc. and laser} element shows the continuous oscillation of 27 hours in 20 
degrees C in threshold current density 3.6 kA/cm2 and a threshold-voltage 
5.5V or l.SmW output. 
[0004] 

[Problem(s) to be Solved by the Invention] Thus, although the luminescence 
device using the nitride semiconductor is already put in practical use as a 
Light Emitting Diode, there is also a still inadequate point and improvement 
in the further radiant power output is desired. Moreover, LD is under 
research wholeheartedly now aiming at utilization, and reinforcement is 
desired not to mention improvement in an output. If the radiant power 
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output of a luminescence device like these [ Light Emitting Diode and LD ] 
can be raised, the light-receiving efficiency of light-receiving devices, such as 
a solar battery and a photosensor, in which it has similar structure can also 
be raised simultaneously. Therefore, the place which accomplishes this 
invention in view of such a situation, and is made into the purpose is by 
offering the nitride semiconductor device which has new structure to mainly 
raise the output of Light Emitting Diode and LD. 
[0005] 

[MeEins for Solving the Problem] That is, the following composition can 
attain this invention. 

(1) The 1st nitride semiconductor layer which contains p type impurity in the 
barrier-layer upper part is formed. It has the 2nd nitride semiconductor 
layer which contains p type impurity more nearly little than p type high 
impurity concentration of the 1st nitride semiconductor layer in the 1st 
nitride semiconductor layer upper part. The nitride semiconductor device 
characterized by having the 3rd nitride semiconductor layer wliich contains 
a lot of p type impurities than p type high impurity concentration of the 1st 
nitride semiconductor layer in the 2nd nitride semiconductor layer upper 
part. 

(2) A nitride semiconductor device given in the above (1) whose p type high 
impurity concentration of the nitride semiconductor layer of the above 1st is 
characterized by or more 1x1017 being 1x1020 or less. 

(3) The above (1) whose p type high impurity concentration of the nitride 
semiconductor layer of the above 2nd is characterized by being less than 
1x1020, or a nitride semiconductor device given in (2). 

(4) A nitride semiconductor device given in any 1 term of aforementioned (1) - 
(3) to which p type high impurity concentration of the nitride semiconductor 
layer of the above 3rd is characterized by or more 1x1018 being 1x1021 or 
less. 

[0006] That is, the output of Light Emitting Diode and LD can be raised by 
specifying the order of a laminating of two or more p side nitride 
semiconductor layers in which this invention specified p tj^e high impurity 
concentration of two or more p side nitride semiconductor layers of the 
specification by which a laminating is carried out to the upper part of a 
barrier layer, and p type high impurity concentration was specified further. 
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In addition, in this invention, a barrier layer and the 1st nitride 
semiconductor layer touch, and it does not need to be formed, and the 1st 
nitride semiconductor layer and the 2nd nitride semiconductor layer touch, 
and it does not need to be formed, and further, the 2nd nitride semiconductor 
layer and the 3rd nitride semiconductor layer touch, and do not need to be 
formed. 
[0007] 

[Embodiments of the Invention] Drawing 1 is the typical cross section 
showing the structure of the nitride semiconductor device which is the 
gestalt of 1 operation of this invention, and specifically shows the structure 
of a light Emitting Diode element. The buffer layer 2 which consists of GaN 
as element structure on the substrate 1 which consists of sapphire, the n side 
contact layer 3 (** n side clad layer) which consists of an Si dope GaN, The 
bEirrier layer 4 which consists of InGaN of the single quantum well structure 
of 30 A of thickness, the 1st p side nitride semiconductor layer 5 which 
consists of a Mg dope AlGaN, the 2nd p side nitride semiconductor layer 6 
which Mg becomes from GaN by which the httle dope was carried out rather 
than the 1st p side nitride semiconductor layer 5, It has come to carry out the 
laminating of the 3rd p side nitride semiconductor layer 7 which Mg becomes 
from doped GaN. Mostly, the p electrode 8 of the 3rd p side nitride 
semiconductor layer 7 which becomes the whole surface from the metal thin 
film of a translucency is formed, and the pad electrode 9 for bondings is 
formed in the corner of the whole surface electrode 8. The n electrode 10 is 
formed in the front face of the n side contact layer 3 **********ed and 
exposed from the p side nitride semiconductor layer side on the other hand. 
[0008] Like the above, the element of this invention can raise a light- 
emitting- device output by forming the 3rd p side nitride semiconductor layer 
to which many 2nd p side nitride semiconductor layer specify the p side high 
impurity concentration few, and much p side high impurity concentration 
were specified in order of a specific laminating to the concentration of the p 
side impurity of the 1st p side nitride semiconductor layer. Namely, the 3rd p 
side nitride semiconductor layer by which p type impurity which acts as a 
contact layer was doped by high concentration, The 2nd p side nitride 
semiconductor layer by which p type impurity was doped by the position 
which approached the barrier layer rather than the 3rd p side nitride 
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semiconductor layer fewer than the 1st p side nitride semiconductor layer. 
The output of the whole element can be raised by having the 1st p side 
nitride semiconductor layer by which more [ it is fewer than the 3rd, and ] p 
type impurities than the 2nd were doped by the position which furthermore 
approached the barrier layer rather than the 2nd nitride semiconductor. 
[0009] A barrier layer 4 is taken as the single quantum well structure 
containing the nitride semiconductor layer which contains In at least, or 
multiplex quantum well structure. As for a well layer, it is [ lOOA or less of 
thickness ] still more preferably desirable to constitute from InXGal-XN (0< 
X<=1) TOAor less, and, as for a barrier layer, it is desirable to constitute still 
more preferably 200Aor less of InYAlZGal-Y-ZN with larger bandgap energy 
than a well layer (0<=Y, 0<=Z, Y+Z<=1) from thickness 150A or less. 
[0010] That what is necessary is just to consist of nitride semiconductor 
layers containing p type impurity, even if the 1st p side nitride 
semiconductor layer 5 is in contact with especially the barrier layer, it does 
not need to be. The large nitride semiconductor of bandgap energy is chosen 
from a barrier layer as a semiconductor, for example, AlXGal-XN (0<=X<=1) 
is grown up preferably as mentioned above, p type high impurity 
concentration doped in the 1st p side nitride semiconductor layer 5 is more 
preferably adjusted to Ixl019-/cm3 three or more lxl018-/cm three or more 
lxl017-/cm and three or less lxl020-/cm. However, it is adjusted so that it 
may become less than the 3rd nitride semiconductor layer more mostly 
within the limits of this than the 2nd nitride semiconductor layer. It is a book 
that p type high impurity concentration is the above-mentioned range. As a p 
type impurity which can be doped in 1st p type nitride semiconductor layer 5, 
II group elements, such as Mg, Zn, Cd, calcium, Be, and Sr, are doped 
preferably, for example. Furthermore, two kinds of nitride semiconductor 
layers from which composition differs mutually can also use this 1st nitride 
semiconductor layer as the superlattice layer which comes to carry out a 
laminating. When considering as a superlattice layer, lOOA or less of 70 A or 
less of thickness of the nitride semiconductor layer which constitutes a 
superlattice layer is most preferably adjusted to thickness 50A or less still 
more preferably. It is desirable in respect of a radiant power output and 
forward voltage in thickness being this ramge. Moreover, in this invention, if 
the 1st nitride semiconductor layer 5 is used as a superlattice layer, the 
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crystallinity of a nitride semiconductor layer wiU become good and an output 
wiU improve further. When considering as a superlattice layer, p type 
impurity may be doped in both layers, and may be doped in one of layers. 
[0011] Although it is desirable to be formed in contact with the 1st nitride 
semiconductor layer 5 as for the 2nd nitride semiconductor layer 6, it does 
not need to be touched and formed especially. For example, the nitride 
semiconductor layer of im doping of thickness hundreds of A or less can also 
be grown up between the 1st and the 2nd nitride semiconductor layer, 
adjusting p type impurity doped by the 2nd nitride semiconductor layer 6 so 
that it may become less than each the 1st and 3rd nitride semiconductor 
layers 5 and 6 - desirable -- concrete less than three lxl020-/cm - 
desirable -- lxl019-/cm -- it adjusts to Ixl018-/cm3 more preferably the 3 
bottom Moreover, as for the 2nd nitride semiconductor layer, the impurity 
does not need to be doped. Moreover, it is adjusted so that it may become less 
than each the 1st and 3rd nitride semiconductor layers within the limits of 
this. It is a book that p type high impurity concentration is the above- 
mentioned range. What has p type impurity [ be / the same as that of the 
impurity which can be doped in the 1st nitride semiconductor layer / it ] 
doped by the 2nd nitride semiconductor layer is mentioned. Although 
especially composition of the 2nd nitride semiconductor layer is not asked, it 
is preferably considered as the same composition as the 3rd nitride 
semiconductor layer. 2 micrometers or less of 1 micrometer or less of 
thickness of the 2nd nitride semiconductor layer are most preferably 
adjusted to 0.5 micrometers or less still more preferably. It is desirable in 
respect of a radiant power output and forward voltage in thickness being this 
range; Moreover, you may make p type high impurity concentration of the 
nitride semiconductor layer which constitutes the multilayer for the 2nd 
nitride semiconductor layer as multilayer (superlattice is included) structure 
of a nitride semiconductor decrease gradually. 

[0012] If it is desirable to consider as the contact layer which forms p 
electrode as for the 3rd nitride semiconductor layer 7 and X value sets to 0.3 
or less AlXGal-XN (0<=X<=0.3) preferably, p electrode and desirable 
OMIKKU will be obtained. As for p type high impurity concentration of the 
3rd nitride semiconductor layer 7, it is preferably desirable more preferably 
to adjust to 2xl020-/cm3 three or more lxl019-/cm three or more lxl018-/cm 
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and three or less 1x102 l-/cm. Moreover, it is adjusted so that it may increase 
more than each the 1st and 2nd nitride semiconductor layers within the 
limits of this. It is a book that p type high impurity concentration is the 
above-mentioned range. Moreover, as for the thickness of the 3rd nitride 
semiconductor layer, it is desirable to adjust more thinly than the 2nd nitride 
semiconductor layer. That is, thickness of 3rd p type nitride semiconductor 
layer which acts as a contact layer is made thin, and since contact resistance 
falls by doping p type impurity to high concentration, it is in the inchnation 
for Vf (forward voltage) to tend to fall. 1 micrometer or less 0.1 micrometers 
or less is specifically as thickness of the 3rd nitride semiconductor layer most 
preferably adjusted to 0.05 micrometers or less still more preferably. It is 
desirable in respect of a radiant power output and forward voltage in 
thickness being this range. 

[0013] Moreover, especially the composition of constituting the nitride 
semiconductor device of this invention and others should just be an object 
which is not limited but fills the composition of the above-mentioned this 
invention at least. , 
[0014] 

[Example] Hereafter, although the example of this invention is shown, this 
invention is not limited to this. In the example of this iavention, a nitride 
semiconductor device is manufactured using the MOCVD method. 
[0015] The substrate which makes a [example 1] sapphire (0001) side a 
principal plane is prepared, and the buffer layer which uses TMG 
(trimethylgallium) and ammonia for material gas, and consists of GaN at 
500 degrees C is grown up by 200A thickness. 

[0016] Next, temperature is raised at 1050 degrees C, mono-silane gas is 

used for TMG, ammonia, and impurity gas, and the n tjrpe GaN layer which 

doped Si Ixl019-/cm3 is grown up by 5-micrometer thickness. 

[0017] Next, temperature is made into 800 degrees C and the well layer 

which consists of undoping In0.4Ga0.6N is grown up by 2 5A thickness as a 

barrier layer using TMC (trimethyUndium), TMG, and ammonia. 

[0018] Next, temperature is made into 1050 degrees C and the 1st nitride 

semiconductor layer which consists of p type aluminum0.3Ga0.7N which 

doped Mg Ixl019-/cm3 is grown up by 200A thickness, using Cp2Mg 

(magnesium cyclop entadienyl) as TMG, ammonia, and impurity gas. This 1st 
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nitride semiconductor layer acts as a layer which shuts up a carrier. 
[0019] Material gas is stopped after the 1st nitride semiconductor layer 
growth, TMG, ammonia, and Cp2Mg are poured again continuously, and the 
2nd nitride semiconductor layer which consists of GaN which doped Mg 
Ixl018-/cm3 at 1050 degrees C is grown up by 0.18-micrometer thickness. 
[0020] The 3rd nitride semiconductor layer which doped Mg 2xl020-/cm3 is 
grown up by 300A thickness after the 2nd nitride semiconductor layer 
growth using TMG, ammonia, and Cp2Mg. 

[0021] Annealing is performed for the wafer into which the nitride 
semiconductor was grown up as mentioned above at 700 degrees C among 
nitrogen atmosphere in a reaction container, and the layer which doped p 
type impurity is made to form into low resistance further. A wafer is picked 
out from a reaction container after annealing, an RIE system performs 
etching fi:om a 3rd [ of the best layer ] nitride semiconductor layer side, and 
the front face of the n side contact layer which should form n electrode is 
exposed- Mostly, the whole surface electrode of the 3rd nitride semiconductor 
layer of the best layer which becomes the whole surface from nickel/A.u is 
formed by 200A thickness, and the pad electrode which turns into a part of 
the whole surface electrode from Au by 1-micrometer thickness is formed. On 
the other hand, n electrode which consists of W and Au is formed in the front 
face of the exposed n side contact layer. 

[0022] When it separated into the chip of 350-micrometer angle and the 
wafer which formed the electrode as mentioned above was made to emit light, 
in 20mA, it became Vf3.2V, the luminescence wavelength of 525nm, 3.5mW 
of optical outputs, and 7.3% of external quantum efficiencies, and improved 
by about 1.3 times as compared with the conventional green Light Emitting 
Diode. 

[0023] In the [example 2] example 1, Mg was doped 5x10 19-/cm3 in the 1st 
nitride semiconductor layer, Mg was doped 5xl017-/cm3 in the 2nd nitride 
semiconductor layer, Mg was doped Ixl020-/cm3 in the 3rd nitride 
semiconductor layer, and when others were performed similarly, they were 
able to obtain the Light Emitting Diode element which has the almost same 
property as an example 1. 

[0024] [Example 3] drawing 2 is the typical cross section showing the 
structure of the 1 laser element concerning this invention, and explains the 
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3rd example of this invention hereafter based on this drawing. 
[0025] The GaN substrate 100 into which the single crystal which consists of 
GaN through the buffer layer which consists of GaN on the substrate which 
makes a sapphire (0001) side a principal plane was grown up by 120- 
micrometer thickness is prepared. In the state where it was made to grow up 
on sapphire, this GaN substrate 100 is set in a reaction container, 
temperature is raised to 1050 degrees C, and the n side buffer layer 11 which 
consists of GaN which doped Si Ixl018-/cm3 on the GaN substrate 100 Hke 
an example 1 is grown up by 4-micrometer thickness. This n side buffer layer 
is a buffer layer grown up at an elevated temperature, for example, the 
buffer layer 2 which grows up GaN, AIN, etc. directly by thickness 0.5 
micrometers or less in low temperature 900 degrees C or less on the 
substrate which consists of sapphire, SiC, and a different material from a 
nitride semiconductor like a spinel hke an example 1 is distinguished. 
[0026] (n side clad layer 12= strained super lattice layer) then, the 1st layer 
which consists of n type aluminum0.3Ga0.7N which doped Si Ixl019-/cm3 
using TMA (trimethylaluminum), TMG, ammonia, and srLane gas at 1050 
degrees G -- 40 O It is made to grow up by the thickness of NGUSUTO loam, 
and sUane gas and TMA are stopped continuously and the 2nd layer which 
consists of GaN of undoping is grown up by 40A thickness, and 1st layer + 
2nd layer + 1st layer + 2nd layer + ... as — a strained super lattice layer is 
constituted, the laminating of every 100 layers is carried out by turns, 
respectively, and the n side dad layer 12 which consists of a strained super 
lattice of the 0.8 micrometers of the total thiclmess is grown up 
[0027] (n photometry guide layer 13) Then, silane gas is stopped and n 
photometry guide layer 13 which consists of undoping GaN at 1050 degrees 
C is grown up by 0. l-micrometer thiclmess. As for this n photometry guide 
layer, it is desirable to act as a hght-guide layer of a barrier layer, and to 
grow up GaN and InGaN, and it is usually desirable to make it grow up by 
200A - 1 micrometer thickness still more preferably lOOA - 5 micrometers. 
Moreover, it can also consider as the strained super lattice layer of undoping 
of this layer. In considering as a strained super lattice layer, banc^ap energy 
is larger than a barrier layer, and it makes it smaller than the n side dad 
layer. 

[0028] (Barrier layer 14) Next, TMG, TMI, and ammonia are used for 
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material gas, and a barrier layer 14 is grown up. A barrier layer 14 holds 
temperature at 800 degrees C, and grows up the well layer which consists of 
undoping InO,2Ga0.8N by 25A thickness. Next, the barrier layer which 
consists of undoping In0.0lGa0.95N at the same temperature only by 
changirig the mole ratio of TMI is grown up by 50A thickness. This operation 
is repeated twice and the barrier layer of the multiplex quantum well 
structure (MQW) of the 175 A of the total thickness which carried out the 
laminating of the well layer to the last is grown up. Undoping is sufficient as 
a barrier layer like this example, and it may dope n type impurity and/or p 
type impurity. An impurity may be doped to both a well layer and a barrier 
layer, and may be doped to either. 

[0029] (p side cap layer 15) Next, temperature is raised to 1050 degrees C 
and the p side cap layer 17 which consists of p type aluminum0.3Ga0.7N 
with larger bandgap energy which doped Mg Ixl019-/cm3 than p photometry 
guide layer 16 is grown up by 300A thickness using TMG, TMA, ammonia, 
and Cp2Mg (magnesium cyclopentadienyl). If the p side cap layer is grown 
up by thickness 0.1 micrometers or less, since it will act stiU more preferably 
0,5 micrometers or less as a barrier for the p side cap layer shutting up a 
CEirrier in a barrier layer, its output improves. Although especially the 
minimum of the thickness of this p type cap layer 15 does not limit, it is 
desirable to form by thickness lOA or more. 

[0030] (p photometry guide layer 16) p photometry guide layer 16 which 
consists of GaN to which Mg with bandgap energy smaller than the p side 
cap layer 15 was doped Ixl020-/cm3 at 1050 degrees C hke the example 1 
using TMG, Cp2Mg, and ammonia again after p side cap layer 15 growth is 
grown up by 0.1-micrometer thickness. This layer acts as a Hght-guide layer 
of a barrier layer. 

[0031] (p side clad layer 17= 1st nitride semiconductor layer) Then, the layer 
which consists of p type aluniinum0.3Ga0.8N which doped Mg Ixl020-/cm3 
at 1050 degrees C is grown up by 40 A thickness, only TMA is stopped 
continuously and the layer which consists of p type GaN which doped Mg 
Ixl019-/cm3 is grown up by 40A thickness. And this operation is repeated 
100 times, respectively and the p side clad layer 17 which consists of a 
strained super lattice layer of the 0.8 micrometers of the total thickness is 
formed. The average concentration of Mg of the p side clad layer is 5x1019- 
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/cm3. 

[0032] At the end, (p side contact layer 18= the 2nd and the 3rd nitride 
semiconductor layer) At 1050 degrees C The layer (2nd nitride 
semiconductor layer) which consists of p type GaN which doped Mg 1x1018- 
/cm3 on the p side clad layer 17 is grown up by 0.1 -micrometer thickness. 
Then, the layer (3rd nitride semiconductor layer) which consists of p type 
GaN which doped Mg 2xl020-/cm3 is grown up by 2 00 A thickness. The p side 
contact layer 18 can be constituted from p type InXAlYGal-X-YN (0 <=X, 
0<=Y, X+Y<=1), and GaN which doped Mg preferably, then the p electrode 21 
and the most desirable ohmic contact are obtained- Moreover, since the p side 
clad layer 17 of the strained super lattice structure containing p mold 
AlYGal-YN is touched and the thickness is made thin with 500A or less by 
using the small nitride semiconductor of bandgap energy as the p side 
contact layer, the carrier concentration of the p side contact layer 18 becomes 
high substantially, p electrode and desirable OMIKKU are obtained, and the 
threshold current of an element and voltage fall. 

[0033] Annealing is performed for the wafer into which the nitride 
semiconductor was grown up as mentioned above at 700 degrees C among 
nitrogen atmosphere in a reaction container, and the layer which doped p 
type impurity is made to form into low resistance further. 
[0034] As a wafer is picked out from a reaction container after annealing and 
it is shown in drawing 3, the p side contact layer 18 of the best layer and the 
p side clad layer 17 are **********ed by the RIE system, and it considers as 
the ridge configuration which has stripe width efface of 4 micrometers. Thus, 
by making into a stripe-like ridge configuration the layer which exists above 
a barrier layer, luminescence of a barrier layer comes to concentrate on the 
bottom of a stripe ridge, and a threshold falls. It is desirable to make into a 
ridge configuration a 17 or more p side clad layers [ which consist especially 
of strained super lattice layers ] layer. 

[0035] The p electrode 21 which consists of nickel/Au is formed in the ridge 
maximum front face of the p side contact layer 18 in the shape of a stripe 
after ridge formation, the insulator layer 25 which becomes a nitride 
semiconductor layer's on the front faces of the maximum other than p 
electrode 21 from Si02 is formed, and p pad electrode 22 which connected 
with the p electrode 2 1 electrically through this insulator layer 25 is formed. 
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[0036] The wafer which formed p electrode as mentioned above is 
transported to polish equipment, poKsh removes silicon on sapphire, and the 
front face of the GaN substrate 10 is exposed. The n electrode 23 of the 
exposed GaN substrate front face which becomes the whole surface from 
Ti/aluminum is formed mostly. 

[0037] A cleavage is carried out by the Mth page (field which is equivalent to 
the side of a hexagonal prism when a nitride semiconductor is approximated 
by hexagonal system) of the GaN substrate after electrode formation, and 
the dielectric multilayer which becomes the cleavage plane from Si02 and 
Ti02 is formed, and finally, in a direction parallel to p electrode, a bar is cut 
and it considers as a laser element. 

[0038] When this laser chip was installed in the heat sink by the face up 
(state which the substrate and the heat sink countered), wire bonding of each 
electrode was carried out and laser oscillation was tried at the room 
temperature, in the room temperature, by threshold current density 2.0 
kA/cm2 and threshold-voltage 4.0V, continuous oscillation with an oscillation 
wavelength of 405nm was checked, and the life of 1000 hours or more was 
shown. 
[0039] 

[Effect of the Invention] Thus, in the nitride semiconductor device of this 
invention, an output can be sharply raised by specifying the concentration of 
p type impurity of two or more nitride semiconductor layers by which a 
laminating is carried out on a barrier layer in the specific range, and 
specifying the order of a laminating. Moreover, the element of this invention 
can be used for many electron devices using a nitride semiconductor not only 
like light Emitting Diode and a luminescence device like LD but other 
light-receiving devices. 
[Brief Description of the Drawings] 

[Drawing 1] It is the type section view showing the structure of the Light 
Emitting Diode element concerning one example of this invention. 
[Drawing 2] It is the type section view showing the structure of LD element 
concerning other examples of this invention. 
[Description of Notations] 

1 ... Substrate 

2 ... Buffer layer 
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3 ... The n side contact layer 

4 ... Barrier layer 

5 ... The 1st p side nitride semiconductor layer 

6 ... The 2nd p side nitride semiconductor layer 

7 ... The 3rd p side nitride semiconductor layer 

8 ... p electrode 

9 ... Pad electrode 

10 ... n electrode 
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Fig. 1 




Fig. 2 



18. p side contact layer 
17.n side clad layer 
I6.p photometry guide layer 
15.p side cap layer 
14.Barrier layer 
13.n photometry guide layer 
12.n side clad layer 
11,11 side buffer layer 
lOO.GaN substrate 




22.p pad electrode 
21.p electrode 

25.Inslator layer 



23.n electrode 
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[OBJECT] 

The output of LED and LD is improved by 
providing the structure of a novel nitride 
semiconductor element. 

[SUMMARY OF THE INVENTION] 

The first nitride semiconductor layer 5 which 
includes a p-type impurity in the active-layer 4 
upper part is formed. 

The 2nd nitride semiconductor layer 6 which 
includes a smaller amount of p-type impurity 
than the p-type impurity concentration of that 
first nitride semiconductor layer 5 is provided in 
that first nitride semiconductor layer 5 upper 
part. 

It has the third nitride semiconductor layer 7 
which includes a lot of p-type impurities than the 
p-type impurity concentration of the first nitride 
semiconductor layer 5 in that 2nd nitride 
semiconductor layer 6 upper part. 





[CLAIMS] 



\mim 1 ] [CLAIM 1] 

f^-j^^iS^tc p^^^^^^tp The first nitride semiconductor layer which 
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includes a p-type impurity in the active-layer 
upper part Is formed. The 2nd nitride 
semiconductor layer which includes smaller 
amount of p-type impurity than the p-type 
impurity concentration of that first nitride 
semiconductor layer is provided in that first 
nitride semiconductor layer upper part. 

It has the third nitride semiconductor layer 
which includes a lot of p-type Impurities than the 
p-type impurity concentration of a first nitride 
semiconductor layer in that 2nd nitride 
semiconductor layer upper part. 

A nitride semiconductor element 
characterized by the above-mentioned. 

[CLAIM 2] 

The p-type impurity concentration of a first 
nitride semiconductor layer is 1*1017 or more 
1*1020 or less. 

A nitride semiconductor element described in 
Claim 1 characterized by the above-mentioned. 



[CLAIM 3] 

The p-type impurity concentration of a second 
nitride semiconductor layer is less than 1*1020. 

A nitride semiconductor element of Claims 1 
and 2 characterized by the above-mentioned. 



[CLAIM 4] 

The p-type impurity concentration of a third 
nitride semiconductor layer is 1*1018 or more 
1*1021 or less. 

A nitride semiconductor element described in 
any 1 item of Claim 1 - 3 characterized by the 
above-mentioned. 



[DETAILED DESCRIPTION OF INVENTION] 
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[INDUSTRIAL APPLICATION] 
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This invention relates to the element which 
consists of the nitrid semiconductor 
{lnXAIYGa1-X- YN, 0=<X, 0=<Y, X+Y=<1) 
used, for example, for a LED and LD etc. light- 
emitting element, light receiving elements, such 
as a solar battery and a photo sensor, etc. 
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[PRIOR ART] 

The nitride semiconductor was just utilized by 
this applicant by the full-color LED display, the 
traffic signal, etc. as material of the high- 
intensity blue LED and the pure green LED. 

LED used to these various devices has the 
double heterostructure by which the active layer 
which consists of InGaN of the single quantum 
well structure (SQW:Single-Quantum-Well) was 
pinched between, n-type nitride semiconductor 
layer and the p-type nitride semiconductor layer. 

Wavelengths, such as blue and green, are 
detennined by fluctuating In composition ratio of 
InGaN active layer. 

Blue LED is the light-emission wavelength of 
450 nm, the half value width of 20 nm, the 
luminous intensity of 2 cd, 5 mW of optical 
powers, and 9.1% of external quantum 
efficiencies in 20mA. 

On the other hand, green LED is the light- 
emission wavelength of 525 nm, the half value 
width of 30 nm, the luminous intensity of 6 cd, 3 
mW of optical powers, and 6.3% of external 
quantum efficiencies in 20mA similarly. 



[0 0 0 3] 

CO 4 1 0 n mC U—f^m^W 
Jpn.J.Appl.Phys.35(1996)L74 , 



[0003] 

Moreover this applicant announced recently the 
410 nm laser oscillation in a room temperature 
under the pulse cunrent for the first time in the 
world using this material. {For example, such as 
Jpn.J.ApplPhys.35(1996) L74, and 
Jpn.J.Appl.Phys.35(1996) L217}, this laser 
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element has the double heterostructure which 
has the active layer of the multiquantum well 
structure using InGaN. 

The conditions of a 2 ps pulse width and 2ms 
of pulse periods show 610mA of threshold- 
value currents, 8.7kA/a cm-squared threshold- 
value current density, and a 410 nm oscillation. 

The improved laser element was also 
announced In Appl.Phys.Lett.69 (1996) 1477. 

This laser element has the structure where 
the ridge stripe was formed in a part of p-type 
nitride semiconductor layer. 

1 \is pulse width, 1ms of pulse periods, and 
0.1% of duty ratios show 187mA of threshold- 
value currents, 3kA/a cm-squared threshold- 
value current density, and a 410 nm oscillation. 
Furthermore this applicant succeed also in the 
continuous oscillation in a room temperature for 
the first time and announced. 

{For example, Nikkei electronics December 
2nd 1996 issue, technical news flash, 
AppI. Phys. Lett. 69 (1996) 3034, and 
Appl.Phys.Lett.69 (1996) 4056,}, This laser 
element shows the continuous oscillation of 27 
hours in 3.6kA/cm-squared threshold-value 
current density, threshold-voltage 5.5V, and 1 .5 
mW output in 20 degree C. 
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[0004] 



[PROBLEM ADDRESSED] 

The light-emission device using the nitride 
semiconductor in this way sets to LED, and is 
already utilized. 

However, there is also a still inadequate 
point. 

The improvement in the further light-emission 
output is desired. 
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Moreover LD is under research zealously 
currently aiming at utilization. 

The long life is desired not to mention the 
improvement in output. 

If the light-emission output of these light- 
emission device such as LED and LD can be 
improved, the light-receiving efficiency of light- 
receiving devices, such as the solar battery and 
a photo sensor, which has the similar structure, 
can also be improved simultaneously. 

Therefore, this invention is formed in view of 
such a situation. 

That objective is to mainly improve the output 
of LED and LD by providing the nitride 
semiconductor element which has a novel 
structure. 
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[SOLUTION OF THE INVENTION] 

That is, the following components can attain this 
invention. 

(1) The first nitride semiconductor layer 
which includes a p-type impurity in the active- 
layer upper part is formed. 

The 2nd nitride semiconductor layer which 
includes smaller amount of p-type impurity than 
the p-type impurity concentration of that first 
nitride semiconductor layer is provided in that 
first nitride semiconductor layer upper part. 

It has the third nitride semiconductor layer 
which includes a lot of p-type impurities than the 
p-type impurity concentration of a first nitride 
semiconductor layer in that 2nd nitride 
semiconductor layer upper part. 

A nitride semiconductor element 
characterized by the above-mentioned. 

(2) The p-type impurity concentration of a 
first nitride semiconductor layer is 1*1017 or 
more 1*1020 or less. 

A nitride semiconductor element described in 
an above mentioning (1) characterized by the 
above-mentioned. 
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(3) The p-type impurity concentration of a 
second nitride semiconductor layer is less than 
1*1020. 

A nitride semiconductor element described in 
above-mentioned (1) or (2) characterized by the 
above-mentioned. 

(4) The p-type impurity concentration of an 
above-mentioned third nitride semiconductor 
layer is 1*1018 or more 1*1021 or less. 

A nitride semiconductor element described in 
any 1 item of above-mentioning (1H3) 
characterized by the above-mentioned. 

[0006] 

In other words, this invention stipulates the p- 
type impurity concentration of several specific p 
side nitride semiconductor layer laminated by 
the upper part of an active layer. 

Furthermore the output of LED and LD can be 
improved by stipulating the order of a lamination 
of several p side nitride semiconductor layer In 
which the p-type impurity concentration was 
stipulated. 

In addition in this invention, an active layer 
and a first nitride semiconductor layer do not 
need to be formed in contact. Moreover a first 
nitride semiconductor layer and a 2nd nitride 
semiconductor layer do not need to be formed 
in contact. Furthennore a 2nd nitride 
semiconductor layer and a third nitride 
semiconductor layer do not need to be formed 
in contact. 



[0 0 0 7] 
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[Embodiment] 

Fig. 1 is a model sectional view showing the 
structure of the nitride semiconductor element 
which is the one embodiment of this invention. 

The structure of LED element is shown 
specifically. 

As the element structure, On the substrate 1 
which consists of sapphire, the buffer layer 2 
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which consists of GaN, n side contact layer 3 
which consists of Si dope GaN (and n side clad 
layer), the active layer 4 which consists of 
InGaN of the single quantum well structure of 
30 angstroms film thickness, the first p side 
nitride semiconductor layer 5 which consists of 
Mg dope AIGaN, the 2nd p side nitride 
semiconductor layer 6 which consists of GaN by 
which smaller-amount dope of the Mg was 
perfonned than the first p side nitride 
semiconductor layer 5, the third p side nitride 
semiconductor layer 7 which consists of GaN by 
which more Mg than the first p side nitride 
semiconductor layer 5 was doped It has been to 
laminate an above. 

To almost whole surface of the third p side 
nitride semiconductor layer 7, the p electrode 8 
which consists of the metal thin film of a 
permeability is formed. The pad electrode 9 for 
bonding is formed in the corner of that whole- 
surface electrode 8. 

On the other hand, the n electrode 10 is 
formed in the surface of n side contact layer 3 
exposed by etching from p side nitride 
semiconductor layer side. 



[0008] 

As mentioned above, the element of this 
invention. As opposed to the concentration of p 
side impurity of a first p side nitride 
semiconductor layer, the 2nd p side nitride 
semiconductor layer in which p side impurity 
concentration was stipulated few, and the third 
p side nitride semiconductor layer in which 
many p side impurity concentration was 
stipulated are formed in the order of a specific 
lamination. Thereby, light-emitting-element 
output can be improved. 

That is, the third p side nitride semiconductor 
layer by which the p-type impurity effected as a 
contact layer was doped in high concentration, 
the 2nd p side nitride semiconductor layer in 
which the p-type impurity was doped fewer than 
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a first p side nitride semiconductor layer by the 
position which approached the active layer from 
that third p side nitride semiconductor layer, 
Furthermore the first p side nitride 
semiconductor layer which the p-type impurity 
was doped fewer than the 3rd, and doped more 
than the 2nd by the position close to the active 
layer than the 2nd nitride semiconductor, the 
output of the entire element can be improved by 
providing an above. 



[0009] 

An active layer 4 is taken as the single quantum 
well structure containing the nitride 
semiconductor layer which includes In at least, 
or the multiquantum well structure. 

A welt layer Is 100 angstroms or less film 
thickness. It is preferable to comprise from 
InXGal- XN (0<X=<1) 70 angstroms or less 
more preferably. Moreover a barrier layer, 
lnYAIZGa1-Y- ZN (0=<Y, 0=<Z, Y+Z=<1) with a 
band-gap energy larger than a well layer is 200 
angstroms or less. It is preferable to comprise 
from a film thickness 150 angstroms or less 
more preferably. 



[0010] 

The first p side nitride semiconductor layer 5 
should just consist of the nitride semiconductor 
layer containing a p-type impurity. 

Especially an active layer may be contacted. 
It does not need to contact. 
The nitride semiconductor with a band-gap 
energy larger than an active layer as a 
semiconductor is selected. 

For example, AIXGal- XN (0=<X=<1) is 
grown preferably as mentioned above. 

The p-type impurity concentrations doped in 
the first p side nitride semiconductor layer 5 are 
1*1017/cm3 or more, and less than ri020/cm 
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3. 

Preferably, 1*1018 / cmS or more. It is 
1*1019/cm3 more preferable. It adjusts in this 
way. 

However, within the range of this, it adjusts so 
that it may more than 2nd nitride semiconductor 
layer and fewer than third nitride semiconductor 
layer. 

When a p-type impurity concentration is the 
above range, it is preferable for obtaining the 
effect of this invention. 

As the p-type impurity which can be doped in 
the first p-type nitride semiconductor layer 5, for 
example, II group elements, such as Mg, Zn, 
Cd, Ca, Be, and Sr, are doped preferably. 

Furthermore also make this first nitride 
semiconductor layer be the superlattice layer 
which 2 kinds of nitride semiconductor layers 
from which a composition is mutually different 
are laminated, and tum into. 

When doing as a superlattice layer, the film 
thickness of the nitride semiconductor layer 
which comprises a superlattice layer is 100 
angstroms or less. More preferably, it is 70 
angstroms or less. Most preferably, it is 50 
angstroms or less. It adjusts to an above- 
mentioned film thickness. 

When a film thickness is this range, it is 
preferable in points of light-emission output and 
a forward-direction voltage. 

Moreover in this invention, if the first nitride 
semiconductor layer 5 is made into a 
superlattice layer, the crystallinity of a nitride 
semiconductor layer will become better. 

Output improves further. 

When doing as a superlattice layer, a p-type 
impurity may be doped in both of layers. 

It may dope in any one layer. 



[0011] 



[0011] 

2nd nitride semiconductor layer 6, although it is 
preferable to form in contact with the first nitride 
semiconductor layer 5, it does not need to 
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contact and form especially. 

For example, the nitride semiconductor layer 
of the undoped of the film thickness below 
several hundred angstrom can also be grown 
between first and second nitride semiconductor 
layers. 

As for the p-type impurity doped by the 2nd 
nitride semiconductor layer 6, it is preferable to 
adjust so that it may be fewer than the 1st and 
third of each nitride semiconductor layers 5 and 
6. It is less than 1*1020/cm 3 specifically. 

Preferably, it is under 1*1019 / cmS. It is 
1*1018/cm3 more preferable. It adjusts in the 
above. 

Moreover as for the 2nd nitride 
semiconductor layer, t he impurity does n oLioeed^ 
t o be dop ed. 

Moreover, it adjusts so that it may be fewer 
than the 1st and third of each nitride 
semiconductor layer within the range of this. 

When a p-type impurity concentration is the 
above range, it is preferable for obtaining the 
effect of this invention. 

The p-type impurity doped by the 2nd nitride 
semiconductor layer, the similar thing as the 
impurity which can be doped in a first nitride 
semiconductor layer is mentioned. 

Especially the composition of a 2nd nitride 
semiconductor layer does not ask. 

However, preferably, it does as the same 
composition as a thi nd nitride ser nj conduc tor 
layer. ^ 

The film thickness of a 2nd nitride 
semiconductor layer is 2 pm or less. More 
preferably, it is 1 pm or less. Most preferably, it 
is below 0.5 pm. It adjusts in the above. 

When a film thickness is this range, it is 
preferable in points of light-emission output and 
a fonward-direction voltage. 

Moreover a 2nd nitride semiconductor layer is 
made into the multilayer film ( superlattice ^ is 
included) structure of a nitride semiconductor. It 
may be made to decrease the p-type impurity 
concentration of the nitride semiconductor layer 
which comprises that multilayer film stepwise. 
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[0012] 

As for the third nitride semiconductor layer 7, it 
is preferable to do as the contact layer which 
fonns p electrode. Preferably if X value 
considers as 0.3 or less AIXGal- XN 
(0=<X=<0.3), p electrode and a preferable 
ohmic will be obtained. 

The p-type impurity concentrations of the 
third nitride semiconductor layer 7 are 1*1018 / 
cm3 or more, and less than 1*1021/cm3. 

Preferably, they are 1*1019 / cm3 or more. It 
is 2*1020/cm3 more preferable. Adjusting in the 
above is preferable. 

Moreover it adjusts so that it may increase 
more than each first and second nitride 
semiconductor layer within the range of this. 

When a p-type impurity concentration is in the 
above range, it is preferable for obtaining the 
effect of this invention. 

Moreover as for the film thickness of a third 
nitride semiconductor layer, it is preferable to 
adjust thinner than a 2nd nitride semiconductor 
layer. 

That is, the film thickness of the third p-type 
nitride semiconductor layer effected as a 
contact layer is made thin. 

A p-type impurity is doped in high 
concentration. Because a contact resistance 
accordingly falls, it is in the tendency that Vf 
(forward-direction voltage) tends to reduce. 

As the film thickness of a third nitride 
semiconductor layer. Specifically, it is 1 pm or 
less. More preferably, it is 0.1 |jm or less. Most 
preferably, it adjusts to 0.05 pm or less. 

When a film thickness is in this range, it is 
preferable in points of light-emission output and 
a forward-direction voltage. 
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[0013] 

Moreover, other component of comprising the 
nitride semiconductor element of this invention 
is not limited especially. What is sufficient is just 
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Ifz'f'^ to be the object which satisfies the component 
of above this invention at least. 

[0014] 
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[Example] 

Hereafter, the example of this invention is 
shown. 

However, this invention is not limited to this. 

In the example of this invention, a nitride 
semiconductor element is manufactured using 
MOCVD method. 

[0015] 
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[Example 1] 

The substrate which makes a sapphire (0001) 
surface a main surface is prepared. 

TMG (trimethyl gallium) and ammonia are 
used for starting-material gas, and the buffer 
layer which consists of GaN at 500 degree 0 is 
grown by the 200 angstroms film thickness. 



[0016] 

Next temperature is risen at 1050 degree G. 

Monosilane gas is used for TMG, ammonia, 
and impurity gas. 

The n-type GaN layer which doped Si 
1*1019/cm3 is grown by the 5-Mm film 
thickness. 



[0017] 

Next temperature is made into 800 degree C. 

TMI (trimethyl indium), TMG, and ammonia 
are used. As an active layer, the well layer 
which consists of undoped ln0.4Ga0.6N is 
grown by the 25 angstroms film thickness. 



[0 0 18] 



[0018] 
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Next temperature is made into 1050 degree C. 

TMG, ammonia, and cp2 mg 
(cyclopentadienyl magnesium) as impurity gas 
is used. The first nitride semiconductor layer 
which consists of p-type AI0.3Ga0.7N which 
doped Mg 1*1019/cm3 is grown by the 200 
angstroms film thickness. 

This first nitride semiconductor layer is 
effected as a layer which locks up a carrier. 



[0019] 

Starting-material gas is stopped after first nitride 
semiconductor layer-formation length. 
Subsequently TMG, ammonia, and Cp2 mg are 
poured again. 

The 2nd nitride semiconductor layer which 
consists of GaN which doped Mg 1*1018/cm3, 
at 1050 degree C is grown by the 0.18-pm film 
thickness. 



[0020] 

After 2nd nitride semiconductor layer-formation 
length, the third nitride semiconductor layer 
which doped Mg 2*1020/cm3 is grown by the 
300 angstroms film thickness using TMG, 
ammonia, and Cp2 mg. 
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[0021] 

The wafer which grew the nitride semiconductor 
as mentioned above, An annealing is performed 
at 700 degree C in nitrogen atmosphere in the 
reaction container. 

The layer which doped the p-type impurity is 
made to form into a low resistance further. 
A wafer is picked out from the reaction 
container after an annealing. 
RIE device perfonns an etching from the third 
nitride semiconductor layer side of uppennost 
layer. 

The surface of n side contact layer which 
should fomri n electrode is exposed. 
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The whole-surface electrode of the third nitride 
semiconductor layer of uppermost layer which 
consists of Ni/Au almost entirely is formed by 
the 200 angstroms film thickness. 

The pad electrode comprising Au is formed 
by the 1-pm film thickness in a part of that 
whole-surface electrode. 

On the other hand, n electrode which consists 
of W and Au is formed in the surface of exposed 
n side contact layer. 



[0022] 

As mentioned above, the wafer which formed 
the electrode was made to isolate to the chip of 
350 |jm angle and emit light. In 20mA, it 
becomes Vf3.2V, the light-emission wavelength 
of 525 nm, 3.5 mW of optical powers, and 7.3% 
of external quantum efficiencies. 

Compared with the conventional green LED, 
it improved by about 1 .3 times. 



[0023] 
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[Example 2] 

In an example 1, Mg is doped 5*1019/cm3 in a 
first nitride semiconductor layer. 

Mg is doped 5*1017/cm3 in a 2nd nitride 
semiconductor layer Mg is doped 1*1020/cm3 
in a third nitride semiconductor layer. When 
others were performed similarly, they were able 
to obtain LED element which has the almost 
similar property as an example 1 . 



[0024] 



[Example 3] 

Fig. 2 is a model sectional view showing the 
structure of the one laser element based on this 
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invention. 

Hereafter, this diagram is explained to an 
element about the 3rd example of this invention. 



[0025] 

On the substrate which makes a sapphire 
(0001) surface a main surface, the GaN 
substrate 100 which grew the single crystal 
which consists of GaN, by the 120-pm film 
thickness via the buffer layer which consists of 
GaN is prepared. 

In the condition of having made it growing on 
sapphire, this GaN substrate 100 is set in the 
reaction container. 

Temperature is raised to 1050 degree C and it 
is made to be the same as that of an example 1 . 

n side buffer layer 11 which consists of GaN 
which doped Si 1*1018/cm3 on the GaN 
substrate 100 is grown by the 4-pm film 
thickness. 

This n side buffer layer is a buffer layer grown 
at high temperature. 

For example, the buffer layer 2 which grows 
GaN and AIN etc. into 900 degree C or less low 
temperature directly by the film thickness below 
0.5 pm on the substrate which consists of the 
material which is different from a nitride 
semiconductor such as sapphire, SiC, and a 
spinel, such as an example 1 Is distinguished. 



[0026] 

(n side clad layer 12= distortion super-latticed 
layer) Subsequently, TMA 

(trimethylaluminum), TMG, ammonia, and 
silane gas are used at 1050 degree C. The first 
layer which consists of n-type AI0.3Ga0.7N 
which doped Si 1*1019/cm3 is grown by the 40 
angstroms film thickness. 

Subsequently silane gas and TMA are 
stopped and the 2nd layer which consists of 
GaN of an undoped is grown by the 40 
angstroms film thickness. 
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And the distortion super-latticed layer is 
comprised like 1st-layer + 2nd layer + 1st-layer 
+ 2nd layer +***. 

It respectively laminates 100 layers at a time 
aitemately. 

n side clad layer 12 which consists of the 
strained super lattice of the 0.8 pm of the total 
film thickness is grown. 



[0027] 

(n side light-guide layer 13) Subsequently, 
silane gas is stopped. 

n side light-guide layer 13 which consists of a 
undoped GaN at 1050 degree C is grown by the 
0.1 -pm film thickness. 

As for this n side light-guide layer, it is 
preferable to effect as a light-guide layer of an 
active layer, and to grow GaN and InGaN. 
Usually 100 angstroms - 5 pm. It Is preferable to 
make it grow by the 200 angstroms - 1 pm film 
thickness more preferably. 

Moreover also make this layer be the 
strained-super-lattice layer of an undoped. 

When doing as the distortion super-latticed 
layer, a band-gap energy is larger than an 
active layer, and Is made smaller than n side 
clad layer. 
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[0028] 

(Active layer 14) Next, TMG, TMI, and ammonia 
are used for starting-material gas, and an active 
layer 14 Is grown. 

An active layer 14 maintains temperature at 800 
degree C. 

The well layer which consists of undoped 
ln0.2Ga0.8N is grown by the 25 angstroms film 
thickness. 

Next the barrier layer which consists of 
undoped ln0.01Ga0.95N at the same 
temperature only by changing molar ratio of TMI 
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is grown by the 50 angstroms film thickness. 

This operation is repeated twice and the 
active layer of the multiquantum well structure 
(MQW) of the 175 angstroms of the total film 
thickness which finally laminated the well layer 
is grown. 

An undoped is suitable as an active layer 
such as this example. 

Moreover an n-type impurity and/or a p-type 
impurity may be doped. 

An impurity may be doped to both well layer 
and barrier layer, and may be doped to any one. 



[0029] 

(p side cap layer 15) Next,j temperature is raised 
to 1050 degree C and "HMG, TMA. ammonia, 
and Cp2 mg (cyclopentaoienyt magnesium) are 
used, p side cap layer ^ which consists of p- 
type AI0.3Ga0.7N to which the band-gap 
energy doped large Mg 1*1019/cm3from p side 
light-guide layer 16 is grown by the 300 
angstroms film thickness. 

p side cap layer is below 0.5 pm. More 
preferably, it is 0.1 pm or less. If it is made to 
grow by the above-mentioned film thickness, 
because it wilt effect as a barrier for p side cap 
layer locking up a carrier in an active layer, 
output improves. 

Especially the lower limit of the film thickness 
of this p-type cap layer 15 does not limit. 

However, it is preferable to form by the film 
thickness 10 angstroms or more. 



[0030] 

(p side light-guide layer 16) It is again made to 
be the same as that of an example 1 after the p 
side cap layer 15 growth using TMG, Cp2 mg. 



02/02/07 



19/25 



(C) DERWENT 



This Page Blank luspto) 



JP11-31841-A 



0 5 ox:x\ y<y K^-Y ^yy"^ 

X ^ Mg ^ 1 X 1 0 

^Vcm^ K-T'LfcG a N J; 19 
^cC5pm;^f^ KSl 6^0. 

[0 0 3 1 ] 

^V^T. 1 0 
5 0°Cr*Mg ^ 1 X 1 o'V 
cm' K— :/Lfc:pMA 1 0.3G a 
osN J: 19 ?'<C^S^4 0;d->':^':='^ 

1 X 1 O'Vcm' K-^Lfcp 

a N J: >9 ?'.e^Ji^4 0;^>' 

8 /z mCDm^m^l'M^ "Of^^ 
p{Rij^ ^ KJi 1 7 ^Ji^^r 

J^SSfi. 5 X 1 o'Vcm'-efo 

[0 0 3 2] 

^tc, 10 5 OV,X\ pM^y 
y 1 7<D±\C, Mg ^ 1 X 
1 O^Vcm^ K-T^L^cpMG 
aNJ;»9/cC5S (^2 0^^[::^ 
^^ft^ii) ^0. 1 iim(Dmm 
-C^ft^it. gcV^-CMg^2 X 
1 0^/cm^ K-T^UytpMG 

^2 OO^V^:^ h 



XHOIVISOM 
OERWENT 

and ammonia. 

p side light-guide layer 16 which consists of 
GaN to which the band-gap energy doped Mg 
smaller than p side cap layer 15 1*1020/cm3. at 
1050 degree C is grown by the 0.1 -pm film 
thickness. 

This layer is effected as a light-guide layer of 
an active layer. 



[0031] 

(p side clad layer 17= first nitride semiconductor 
layer) Subsequently, the layer comprising p- 
type AI0.3Ga0.8N which doped Mg 1*1020/cm3 
at 1050 degree C is grown by the 40 angstroms 
film thickness. 

Subsequently oniy TMA is stopped and the 
layer which consists of the p-type GaN which 
doped Mg 1*1019/cm3 is grown by the 40 
angstroms film thickness. 
And this operation is respectively repeated 100 
times. 

p side clad layer 17 which consists of the 
strained-super-lattice layer of the 0.8 [im of the 
total film thickness is formed. 

The equilibrium concentration of Mg of p side 
clad layer is 5*1019/cm3. 



[0032] 

(p side contact layer 18= the 2nd and third 
nitride semiconductor layer) Finally the layer 
(2nd nitride semiconductor layer) which consists 
of the p-type GaN which doped Mg 1*1018/cm3 
on p side clad layer 17, at 1050 degree C is 
grown by the 0.1 -pm film thickness. 

Subsequently the layer (third nitride 
semiconductor layer) which consists of the p- 
type GaN which doped Mg 2*1020/cm3 Is 
grown by the 200 angstroms film thickness. 

p side contact layer 18 can consist of 
InXAIYGal-X- YN (0=<X, 0=<Y X+Y=<1) of a 
p-type. 

If it makes GaN which preferably doped Mg, 
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most preferable ohmic contact as the p 
electrode 21 will be obtained, 
p side clad layer 17 of the distortion 
superstructure which includes p-type AIYGal- 
YN also is contacted. 

Make the small nitride semiconductor of a 
band-gap energy be p side contact layer. That 
film thickness is made thin with 500 angstroms 
or less. Therefore, the carrier concentration of p 
side contact layer 18 becomes high 
substantially, and an ohmic as preferable as p 
electrode is obtained. 

The threshold-value current of an element 
and a voltage reduce. 



[0033] 

An annealing is performed the wafer which grew 
the nitride semiconductor as mentioned above, 
at 700 degree C in nitrogen atmosphere in the 
reaction container. 

The layer which doped the p-type impurity is 
made to form into a low resistance further. 



[0034] 

A wafer is picked out from the reaction 
container after an annealing. 
As shown in Fig. 3, p side contact layer 18 of 
uppermost layer and p side clad layer 17 are 
etched with RIE device. 

It considers as the ridge shape where it has 
the stripe width of 4 pm. 

Thus, by making the layer which exists above 
an active layer into a stripe-like ridge shape, a 
light emission of an active layer comes to 
concentrate on the bottom of a stripe ridge, and 
a threshold-value reduces. 

It is preferable to make the layer of 17 or 
more of p side clad layers which consist 
especially of the distortion super-latticed layer 
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[0035] 

The p electrode 21 comprising Ni/Au is formed 
in the ridge outemiost surface of p side contact 
layer 18 stripe-lil<e after ridge formation. 
The insulating film 25 comprising Si02 is 
formed In the nitride semiconductor layer of 
outermost surfaces except for p electrode 21 . 

p pad electrode 22 which connected with the 
p electrode 21 electrically via this insulating film 
25 is formed. 



[0036] 

The wafer which formed p electrode as 
mentioned above is transferred to a polish 
device. 

A sapphire substrate is removed by the 
polishing. 

The surface of the GaN substrate 10 is 
exposed. 

The n electrode 23 of exposed GaN substrate 
surface which consists of Ti/AI almost entirely is 
formed. 
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[0037] 

It cleaves by M coats (surface which is 
equivalent to the side of a hexagonal column 
when approximating a nitride semiconductor by 
the hexagonal system) of GaN substrate after 
electrode formation. 

The dielectric multilayer film which becomes 
that cleavage plane from Si02 and Ti02 is 
formed, and finally, in a direction parallel to p 
electrode, a bar is cut and it considers as a 
laser element. 

[0038] 

This laser chip is installed to a heat sink by face 
up (condition which the substrate and the heat 
sink oppositely faced), and the wire bonding of 
each electrode is perfonned. 
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When attempting a laser oscillation at a room 
temperature, in a room temperature, A 
continuous oscillation with an oscillation 
wavelength of 405 nm is confirmed by 
2.0kA/cm-squared threshold-value current 
density and threshold-voltage 4.0V. 

Or more of the durability was shown for 1000 
hours. 

[0039] 



[EFFECT OF THE INVENTION] 

Thus, in the nitride semiconductor element of 
this invention, output can be greatly improved 
by stipulating the concentration of the p-type 
impurity of several nitride semiconductor layer 
laminated on an active layer in the specific 
range, and specifying the order of a lamination. 

Moreover the element of this invention can be 
used not only for the light-emission device such 
as LED and LD but for many electronic device 
using the nitride semiconductor such as the 
other light-receiving device. 
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[FIGURE 1] 

It is the model sectional view showing the 
structure of LED element based on one 
example of this invention. 

[FIGURE 2] 

It is the model sectional view showing the 
structure of LD element based on the other 
example of this invention. 

[EXPLANATION OF DRAWING] 

1*** substrate 

2*** buffer layer 

3***n side contact layer 
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4*** active layer 

5*** first p side nitride semiconductor layer 
6*** 2nd p side nitride semiconductor layer 
7*** third p side nitride semiconductor layer 
8***p electrode 
9*** pad electrode 
10***n electrode 
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[FIGURE 1] 




[1121 [FIGURE 2] 




18: p side contact layer 17; p side clad layer 16: p side light-guide layer 

15: p side cap layer 14: active layer 13: n side light-guide layer 12: n side clad 

layer 11 : n side buffer layer 100: GaN substrate 22: p pad electrode 

21: p electrode 25: insulating film 23: n electrode 
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